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Introduction
Patients admitted to an intensive care unit (ICU) often experience distressing memories during recovery. Specifically, delusional, factual and emotional memories are frequently reported. [1] [2] [3] Delusional memories correspond to the recall of unreal events such as hallucinations, nightmares and paranoia, which have been estimated to be present in about 20% -48% of patients. 3, 4 Factual memories are the recall of real events that occurred during patient's intensive care treatment such as the presence of an endotracheal tube and mechanical ventilation; proportions of patients who recall factual memories vary significantly from 18% to 96%. 1, 2 Emotional memories involve the recall of feelings such as anxiety, fear, suffocation and pain and have been reported by highly variable proportions of patients, ranging from 9% to 88%. 1, 2, 5, 6 Lack of memory of ICU events has also been reported in about 18-38% of patients. 1, 7 Memories of ICU treatment play a significant role in the development of post-intensive care syndrome (PICS), in other words the development of a syndrome that is characterised by "new or worsening problems in physical, cognitive or mental health status arising after a critical illness and persisting beyond acute care hospitalisation. 8 Memories are thought to specifically affect the psychological and cognitive components of recovery of ICU survivors. 9, 10 For instance, delusional and emotional memories have been associated with the development of symptoms of anxiety, depression and posttraumatic stress after ICU discharge. [11] [12] [13] [14] [15] [16] [17] The role of factual memories is unclear, with them being identified as protecting patients from anxiety and posttraumatic stress symptoms in some cohorts, 11 while in others factual memories have been associated with poorer psychological health during recovery. 18 The number of distressing memories that patients recall was identified as a significant factor for posttraumatic stress symptoms. 6, 16, 19, 20 The association between cognitive functioning and memories of the ICU has also been explored. An improved cognitive functioning after ICU discharge was found to be significantly associated with having no recollections of the intensive care experience. 21 A range of elements of ICU treatment have been proposed as affecting psychological health, including the number and type of memories of ICU. These elements of care have included specific categories of medications such as anti-inflammatory medications, for example hydrocortisone [22] [23] [24] and sedation and analgesic agents, for example midazolam and opioids. 1, 2, 25 Further, a link between the level of sedation and psychological health has been proposed, although the evidence of that relationship remains unclear. 26 Given the potential influence of aspects of ICU treatment on memories, and the link between memories of ICU and PICS, it is appropriate to explore these links with a view to adapting our practice to improve memories. A review addressing this topic could not be located in the current literature. The aim of this literature review was to synthesise the literature examining relationships between elements of ICU treatment and memories after discharge in adult ICU survivors.
Method
Integrative review methods were used to systematically search, select, extract, appraise and synthesise the available research. 27 Eligibility criteria
Primary research articles were included in the review if they measured the relationship between specific ICU treatments and memories reported by adult ICU survivors. Studies were excluded if they were not written in English. ICU treatments were defined as interventions administered to patients during admission to a critical care unit e.g. mechanical ventilation, use of invasive devices and administration of medications. ICU memories were defined as per the study authors, and included factual and delusional memories of the survivors' time in a critical care unit. Headings (MeSH) were amnesia, memory, intensive care units, critical care, critically ill, critical illness, and intensive care. Additional studies were identified through searches of bibliographies.
Searches were performed without year restrictions but were limited to human studies. Titles and abstracts were scanned for relevance and eligibility using the a priori eligibility criteria. The search was undertaken by one author (AU) using search terms developed by the review team. Selection of articles based on the inclusion and exclusion criteria was completed by two authors (AU and LMA) independently, with results compared and disagreements discussed and resolved by the whole team.
Data extraction and quality appraisal A data extraction form was developed by the study authors (AU and LMA) and applied to each of the included studies. For each paper the author, study objective, population, sample size and characteristics, methods, ICU treatments, ICU memory definitions, data collection strategies, findings and study quality were extracted by study authors (MIC, AU, KC). Study quality assessment, including the elements of validity, significance and usefulness, was based upon elements of the Critical Appraisal Skills Programme (CASP) checklists relevant to each included study. 28 
Data synthesis
Data from the included studies were categorised and summarised to product a coherent and logical summary across the different categories of ICU treatment.
Results
Following database and bibliographic searching 2748 titles were identified. This number was reduced to 1548 titles after duplicates were removed (Figure 1 ). 29 The abstracts of these titles were reviewed and 64 full text articles examined. A further 50 articles were excluded due to not focusing on the review question, with 14 articles (13 studies; one duplicate publication with some additional results 2, 18 ) included in the synthesis of results. No meta-analyses were able to be undertaken due to the diversity of designs, interventions examined and instruments used to measure memories; this resulted in the absence of multiple studies examining sufficiently similar questions to enable data to be combined.
<Insert Figure 1>
Randomised controlled trials and cohort studies were the most commonly used designs in the 13 included studies (Table 1) . Sample sizes were highly variable, ranging from 11 to 313 participants.
Instruments used were also highly variable and follow-up was conducted between 3 days and 5 years after ICU discharge. Studies generally had variable levels of both bias and usefulness, with this latter aspect often limited by small sample sizes (Table 2 ).
Sedation, both in regard to the agents used and the depth of sedation, was the primary intensive care intervention examined in relation to memories after ICU and was the focus of eight studies. 1-3, 17, 18, 30-33 Consequently, the most common theme that was identified focused on sedation and analgesia. The effect of other medications and the duration of mechanical ventilation were also explored in a small number of studies.
<Insert Table 1> <Insert Table 2> Sedation and analgesia Sedation and analgesia have been explored as possible factors associated with patients' ability to recall ICU events with most of the evidence indicating that these therapies have some influence in this area. 2-4, 17, 32, 34 Depth of sedation, as measured using various sedation assessment scales, has been proposed as having a significant impact on patients' recall of ICU events. Deeply sedated patients reported amnesia of their ICU stay (OR 1.60, 95% CI 1.35-1.91, p<0.0001), 2 had "trouble remembering important parts of the stressful experience" (37% vs 13%, p = 0.01), 32 and reported more repeated, disturbing memories (18% vs 4%, p<0.05). 32 Further, more deeply sedation patients reported delusional memories (33% vs 6%, p=0.09) 3 (OR 1.76, 95% CI 1.14 -2.72, p = 0.008) 2 3-5 days after ICU discharge.
In contrast, the depth of sedation appeared to influence patients' perception of stressful experiences during ICU treatment with the more awake patients reporting more stressful or bothersome memories, as described on the ICU-stressful experiences questionnaire. 18 These findings are not consistent with
Weinert and Sprenkle 7 identifying no association between intensity of sedation administration and ICU recall in a cohort of medical-surgical ICU patients, although they did report a weak association between increased wakefulness and factual ICU recall (r 2 =0.03 -0.11, p<0.05).
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The association between specific medications such as benzodiazepines, opioids and propofol during ICU treatment and memories of ICU has also been investigated although again, the evidence is conflicting. A retrospective study including 161 cardiac surgery survivors reported a significant association between delusional memories and midazolam infusion (OR 3.51 95%CI 1.59-7.75, p=0.002) 2-5 years post ICU discharge. 4 On the contrary, an explorative multicentre investigation including 239 trauma participants found no such relationship between delusional memories and benzodiazepines, opioids, and propofol in multivariable analysis. 34 Similarly, no statistically significant difference was reported in memories by 17 patients enrolled in a pilot RCT designed to examine the effect of midazolam versus isoflurane on memories, although there was a trend towards less memories of hallucinations or delusions in the group treated with isoflurane. 17 Further, in 152 medical-surgical ICU patients the influence different regimens of sedation and analgesia (Group A: no morphine and <2 doses of a benzodiazepine; Group B: morphine without other sedative drugs, and Group C: morphine and other sedative drugs) was examined. 1 It was concluded that analgesia (morphine) and sedation (propofol, benzodiazepines and promazine) did not influence the incidence of factual, sensation, and emotional memories of this cohort. 1 The discrepancies in these different results might be explained by the differences in the design of these studies (prospective versus retrospective cohorts versus pilot RCT) and the characteristics of the samples investigated (trauma, cardiac surgery and general ICU patients). For example, delusional memories were reported by 26% of the trauma patients 34 compared to 48% of the cardiac surgery group. 4 In addition, benzodiazepines (no specific information provided about what medications were used) were administered to 24% of the trauma patients 34 compared to 32% of the cardiac surgery group who received midazolam. 4 Delusional memories were not specifically reported in the medical-surgical ICU group 1 but emotional memories incorporating hallucinations, nightmares, dreams and feeling confused or down were reported in 15% of the group receiving <2 doses of benzodiazepines and 32% of the group receiving unlimited sedatives. In the cardiac surgery cohort both the prevalence of delusional memories (48%) and administration of midazolam (32%) were much higher than the trauma cohort. 4 Of note, the trauma patients had an average ICU LOS of approximately 4 days 34 while the cardiac surgery patients remained in ICU for an average of 5 (non-dreamers) or 7 days (dreamers). 4 Different sedation strategies such as sedation protocols or sedation interruption have been proposed as influencing patients' recall of their time in ICU. Despite the theoretical basis for such links, no difference in the recall of ICU experiences including recollections of fear, anxiety and pain measured on a locally developed instrument were reported by 21 patients enrolled in a pilot RCT. 30 This pilot study was designed to examine the effect of protocolised sedation versus protocolised sedation and daily sedative interruption on memories, with findings indicating that recall was not correlated with sedation scores or doses of sedation received. 30 Similarly, Kress and colleagues 31 found no difference in the number of usual care patients versus sedation interruption patients who recalled being in (68% vs 69%, p=1.0), or waking in (26% vs 0%, p=0.06), ICU. Both of these studies were small (n= 21 and 32), with limited ability to detect meaningful differences.
The relatively limited evidence regarding sedation and analgesia in ICU patients suggests that these therapies contribute to the patients' ability to recall ICU events and to the development of delusional memories and amnesia of ICU stay. However, the evidence is conflicting and inconclusive. Larger studies exploring different aspects of sedation and their association with the development of memories of the ICU during recovery are needed.
Other medications
The theory that the exogenous administration of stress doses of corticosteroids provides a protective effect against the development of traumatic memories was tested in two small RCTs of cardiac surgical ICU patients. 24, 35 Although some other benefits such as shorter ICU LOS and improved quality of life scores were seen in those receiving corticosteroids, no significant difference was found in the incidence of traumatic memories in either of these RCTs. In contrast, a significant association between corticoids and delusional memories (OR 10.2 95%CI 1.11-93.0, p=0.04) was identified in a small (n=161) retrospective cohort study. 4 Although this finding was statistically significant, it is important to note the limitations of the study design and that only eight out of 161 patients received corticoids during ICU, with six of these patients reporting delusional memories. 4 In this same study a significant association between delusional memories and the administration of intravenous 50% mechanically ventilated general ICU patients who had memories of the ICU recalled discomfort associated with the endotracheal tube that were bothersome and those who were bothered by stressful memories of the ICU had longer ICU LOS. 18 In contrast, although ventilator support was linked to delusional memories on univariate analysis in 239 trauma patients, it did not retain statistical significance when incorporated into multivariable analysis. 34 Similarly, mechanical ventilation was not associated with factual, sensational or emotional memories in 152 ICU patients. 31 A modified version of the ICU-MT (with no validation of modification) was used in one study. 4 In another study no specific instrument to assess patients' memories was used, but two items of the Post-Traumatic Stress Disorder Checklist (instrument to assess symptoms of posttraumatic stress) that address memories. 32 Memories were assessed at varied time points in the included studies, from 72 hours 30 to 5 years 4 ,
with the most common follow-up being approximately six months after discharge (Table 1 ).
Discussion
The relationship between intensive care interventions and memories of ICU after discharge was examined in this review. Sedation practice was the most common intensive care treatment investigated in relation to the development of memories of ICU, but the evidence was inconsistent for the elements of care (e.g. deep versus light sedation, different sedative medications, daily sedation interruption). Deep sedation during ICU treatment frequently was associated with amnesia and delusional memories while light sedation was associated with a greater risk of perceiving stressful experiences more bothersome. 2, 3, 18, 32 Despite these identified associations, no such association was reported in one study. 7 This relationship between level of sedation and memories after ICU is particularly important to understand given the move towards lighter sedation over the past decade. 26 When considering the specific sedative agents, benzodiazipines, including midazolam, were associated with the development of delusional or hallucination-like memories of ICU in some settings. 4, 17 This relationship with delusional memories warrants further exploration since the available evidence is small and inconsistent. Although this relationship was found in two included studies, it was not identified in others. 1, 34 Since these four studies differ in essential aspects of their design (e.g. prospective vs. retrospective; cardiac vs. trauma vs. general ICU patients), the comparison between them might not be appropriate and therefore the interpretation of the evidence in regard to benzodiazipines is inconclusive.
Different sedation strategies such as using sedation protocols, daily sedation interruption and various sedative agents such as midazolam, isoflurane, morphine and propofol were tested to elucidate their association with memories of ICU. 1, 17, 30, 31 No particular strategy was found to be better or worse than others. Nevertheless, these studies had relatively small sample sizes with restricted ability to determine significant differences. Future studies testing different sedation strategies should incorporate larger sample sizes in their design so as to be able to detect significant effects.
Interventions other than sedation that have been examined in relation to ICU memories were corticosteroids and intravenous 50% glucose to treat hypoglycaemia. The evidence on the association between stress doses of corticosteroids and memories of ICU is limited. As slightly different aspects of memories of ICU were explored in these studies, the comparison between them is difficult. In two RCTs the factor explored was the incidence of traumatic memories (memories of pain, nightmares, anxiety and difficulty breathing) compared with the presence of delusional memories in one retrospective study. 4, 24, 35 Delusional memories were associated with the administration of corticosteroids, but no association between hydrocortisone and the incidence of traumatic memories of anxiety, pain, nightmares and difficulty breathing was found in the RCTs.
Intravenous 50% glucose to treat hypoglycaemia was associated with delusional memories. 4 Unfortunately, information regarding the severity of hypoglycaemia was not presented and it could be speculated that 50% glucose might be a confounder and that hypoglycaemia might have been the real risk factor for delusional memories. In addition, the high proportion of participants treated with this medication suggests selection bias.
No relationship between mechanical ventilation and delusional, factual, sensational or emotional memories was found in the literature. 1, 34 Despite the evidence being limited to two studies, the lack of relationship is consistent.
This review is limited by the nature of the question that guided the process; only those studies that measured an association between ICU interventions and memories were considered, resulting in the review being limited to studies designed to measure variables quantitatively. Also to note, a range of interventions that have the potential to influence memory have not been investigated, for example early mobilisation and use of alternative sedative agents such as dexmedetomidine. Further, scales that assess either memory or perceptions of the intensive care experience generally have not undergone rigorous psychometric testing thus limiting reliability and validity of findings. A number of scales exist and this also makes it difficult to extrapolate consistent findings with some assessing memories of specific events or treatments and others perceptions of the experience. What however does seem clear is that patients can be distressed by their memories whether these are factual or delusional, 11, 37, 38 and that these memories have been consistently linked to poorer outcomes. 13, 18, 39 The strength of that association has still to be established. Patients who have greater awareness may report troublesome discomforts of thirst, having tubes and being unable to communicate 1, 37 whereas patients who experience delusions often find these persecutory and there are frequent reports of staff trying to 'kill' patients or do harm to them. Whether these differences in perceptions or memories are related to depth of sedation is not clear, although the evidence that deep sedation leads to limited recall of ICU and increased incidence of delusional memories is reasonably consistent. 2, 3, 18, 32 Participants in the included studies were enrolled during their hospital admission, with the exception of one retrospective study, 4 however the timing of follow up varied from prior to ICU discharge to 5 years later, with the most common follow-up being approximately six months after discharge. Given the highly variable methods of assessing memory it is not possible to assess the effect of these differences, however it is highly likely that it influences the content and clarity of recall.
Implications for practice and research
Although there is currently limited and inconsistent evidence, the influence of sedation on memories has moderate support. Deep sedation is linked to limited recall of ICU and increased incidence of delusional memories. This suggests that strategies to minimise sedation should continue to be developed and implemented. Despite this broad principle, there is currently conflicting evidence regarding the role of different sedation strategies such as daily sedation interruption or the benefit or disadvantage of specific sedative agents and additional research involving larger sample sizes and effective control of related interventions is urgently needed.
Further, scales that assess either memory or perceptions of the intensive care experience generally assume that patients who recall being 'attacked' or have 'people trying to hurt me' are delusional however this might not be the case. Instead patients may be interpreting behaviours in different, and individual, ways. This variation in experience should be considered as we research and implement evolving strategies such as patients being more alert and oriented during ICU admissions -this experience may affect each patient differently.
Conclusion
Identification of elements of ICU treatment that affect memories during recovery has the potential to influence how care is delivered. Aspects of care that have been examined include sedation and analgesia, other medications and mechanical ventilation. Although the evidence was inconsistent, and the numbers of participants was frequently small, it appears that some aspects of treatment may influence the absence of memory or development of delusions and hallucinations. Patients who received hydrocortisone had a shorter ICU LOS, lower TISS scores, required less norepinephrine and a trend towards lower pro-inflammatory cytokine IL-6 as well as higher quality of life scores and lower chronic stress symptom scores. Number and type of traumatic memories did not differ between the two groups (p≤.33).
Participants and clinical staff were blinded to group allocation; 28 / 36 patients followed up (2 incomplete data, 6 did not return questionnaire) with no differences between those who completed the study or not; previously validated memory instrument used. 
